of male seminal substances [2-6]. Although the evolutionary influence of these male substances on conflicts between the sexes is well known [7] [8] [9] [10] showed a copulation duration similar to that of Cs males strain, we targeted together with other cells a dozen ( Figure 1B) . No abnormal copulation duration was found cholinergic neurons found only in the male abdominal in 55B-tra females (data not shown).
the Gal4-targeted cells that are missing after genetic feminization of the Abg are male-specific neurons.
To further identify the nature of these male-specific Abg neurons, we used antibodies raised against some of the most common neurotransmitter phenotype markers found in Drosophila [16, 17] . A monoclonal antibody raised against choline-acetyl-transferase (ChAT; [18] ) showed a partial colocalization with Gal4-positive neurons ( Figures 2G-2I ), contrary to other neurotransmitter phenotype markers (serotonin, histamine, and GABA ϭ ␥-amino-butyric-acid), which showed no coincident labeling with Gal4 expression. A moderate colabeling of Gal4 was detected with an anti-dopamine antibody, but manipulation of dopamine level [19] did not change copulation duration (data not shown). In contrast, cholinergic neurons seemed to affect copulation duration, fertility, and remating. The ChAT-Gal80 transgene, which specifically represses Gal4 activity in cholinergic neurons [20] , was used to prevent feminization of these neurons in ChaT/55B-tra males (simultaneously carrying ChAT-Gal80, 55B-Gal4, and UAS-tra transgenes). Strikingly, all abnormal reproductive characters shown by 55B-tra were rescued in ChaT/55B-tra males: their copulation duration (16.2 Ϯ 0.3) was not significantly different from that of control ChaT/55B males (15.5 Ϯ 0.3), whereas it was significantly different from that of 55B-tra males (54.9 Ϯ 2.6; p Ͻ 0.0001; Figure 1D ); their fertility To directly assess the role of Gal4-targeted Abg neudefect in both phenotypes seems to be coupled because when fertility decreased, the frequency of female rematrons, we blocked their synaptic transmission during copulation by using the thermo-sensitive UAS-shi ts ing increased. The copulation duration of 55B-shi ts males increased with the duration that the pair spent transgene [21] . To study the time course for the transfer of male reproductive substances, pairs of flies in copula copulating at the permissive temperature. Conversely, early and late blocking of non-sex-spewere shifted from permissive (18ЊC) to restrictive (31ЊC) temperatures either at 2 or 7 min after the onset of cific neurons in 55B-tra-shi ts males barely influenced their fertility but highly decreased their ability to repress copulation ( Figure 5 ). The temperature shift had no or a weak effect on fertility and remating, and only slightly female remating, suggesting uncoupling for the substances mediating the two effects. The fact that no simidecreased copulation duration of control 55B males. The role of Abg-MAch neurons could be deduced from lar phenomenon was observed in 55B-shi ts males indicates that Abg-MAch neurons are normally required to the comparison of the phenotypes induced by 55B-trashi ts and 55B-shi ts males. In 55B-shi ts males, the propensynchronize the production and/or emission of both groups of substances. The data obtained with 55B-trasity to father offspring and to repress female remating was substantially decreased when blocking occurred shi ts males indicate that non-sex-specific neurons also promote the transfer of male substances that repress early, but not later, in copulation. The intensity of the female remating. When these neurons were blocked, in a number of studies on both insects and mammals and may reveal a high degree of evolutionary conservation the absence of Abg-MAch neurons, the mean copulation duration was reduced, but not the interindividual variof the neural control of these key male-reproductive characters. In insects, acetylcholine (Ach) is a neuroability of this character.
transmitter commonly used by mechanosensory neurons [16] . Food-deprivation of choline, an essential preDiscussion cursor of Ach, alters D. melanogaster male normal copulatory behavior and reduces sperm motility [22] . The feminization of a dozen male-specific cholinergic neurons in the abdominal ganglion (Abg-MAch), possiStudies in vertebrates have reported a functional relation between Ach and male ejaculation. In rats, cholinergic bly with that of other undetected cells, substantially reduced the probability that Drosophila melanogaster sensitivity is correlated with the intensity of the response of muscarinic agonists, which in turn facilitate ejaculamales produce offspring (from 90% to 35%) and altered the coordination of several evolutionarily important retion [23, 24] . In dogs, seminal emission during long copulatory events also involves cholinergic pathways [25] . productive characters normally induced during copulation by control males [10] . This finding is consistent with
The distinct and simultaneous manipulation by UAS- [20] . When activated by Gal4, UAS-shi ts blocks synaptic transmission at 31ЊC, but not at 18ЊC, after two min [21] .
Behavior and Reproduction
Mating tests were performed with pairs of 4-to 5-day-old flies with a standard procedure [13] during 60 min, and their copulation duration was noted. The frequency of mated female that yielded progeny during 1 week (24 hr for the remating experiment) was counted, and the number of adults estimated fecundity. Female remating with a Cs male was noted 24 hr after her first mating. The temperature shift was performed in a room at 18ЊC Ϯ 0.5ЊC, 65% humidity, by using a hot plate (at 31ЊC Ϯ 0.2ЊC; Stö rkTronic, Prä zitherm, Dü sseldorf, Germany). 
Immunohistochemistry

Supplemental Data
The Supplemental Data includes two figures and information about histology and statistics. Figure S1 shows the distribution for copulation duration of three feminized strains (10B-tra, 13Ax-tra, and 55B- 
